We study the capability of hydrophilic polymers (HPs) 
Introduction
Lung surfactant (LS) is a complex lipid-protein mixture that forms a variety of thin films at the alveolar surface. One of its main functions is to reach low surface tension at compression of the lung surface during expiration and to prevent alveolar collapse.
Many Exogenous Surfactant Preparations (ESPs) are developed that are able to rapidly adsorb at pure air/water interface and to lower its surface tension. Due to their high surface activity these formulations are efficient in treating of Idiopathic Respiratory Distress Syndrome, a disease state at which newborns suffer from surfactant insufficiency and the alveolar air/water interface is "pure" and "open" for surfactant supplementation. However recently another pathology is increasing its frequency: the so-called Adult Respiratory Distress Syndrome (ARDS). In ARDS blood leakage occurs in the alveoli and the air/water interface is "blocked" by adsorbed plasma proteins and especially serum albumin, the most abundant blood protein. The presently available ESPs prove to be inefficient for ARDS therapy as they are unable to displace the albumin molecules from the surface, and fail to adsorb and to lower the surface tension. Thus there is pressing requirement to find a way to tune the interfacial properties of ESPs in such a manner that to restore the surface activity of the pharmaceutical formulations in presence of albumin.
In the current work we examine the surface behavior of two ESPs, Survanta and Curosurf, in thin films at the air/water interface blocked by adsorbed Bovine Serum Albumin (BSA). The thin films employed are monolayers and foam films. Monolayer tensiometry is used to measure the minimal surface tension, γ min , achieved by the surfactant preparations after compression of monolayer surface area. Foam Films (FFs) are composed of two mutually adhered head-to-head lipid-protein monolayers. Although FFs are known (1) as a powerful tool for the in vitro evaluation of the interfacial properties of lung surfactant preparations, this is the first work in which FFs are implemented in studying the ESPs are used pure and in presence of the non-surface active hydrophilic polymers (HPs) dextran and Polyethylene glycol 10000 (PEG10000). These HPs are selected as they are supposed to prevent the albumin-induced surfactant inhibition by the mechanism of positive depletion attraction osmotic pressure (2).
Materials and methods
ESPs (Survanta and Curosurf) were obtained from the producers. NaCl, Bovine Serum Albumine (BSA), PEG 10000 and dextrane (Mw 79 400) were purchased from "Sigma". All solutions were prepared by ultra pure deionized water (conductivity less than 0.1 μS). Monolayers Monolayers were formed in Langmuir trough (surface area 118 cm 2 ) and surface tension was measured by the method of Wilhelmy using platinum wire probe by Micro Trough X tensiometer (Kibron Inc., Finland). Two types of subphases were used: (i) pure saline solution with surface tension 72.9 mN/m -for control experiments at pure air/water interface and (ii) saline solution with dissolved albumin (2 mg Albumin/ml) with surface tension approx. 50 mN/m. When dextran or PEG 10 000 were implied they were dissolved in the subphase to a final concentration of 5 %. In that amount HPs did not alter the surface tension of the solutions. ESP preparations (in absence and presence of HPs) were spread as liposome suspensions at the air/water interface by Hamilton microsyringe. About an hour was given to the preparations to spread at the interface. Then ten continuous area compression/decompression cycles were performed in which the monolayers were compressed between 118 cm 2 (initial surface area) and 23.6 cm 2 (20 % of the initial surface area).
The compression speed was 140 mm/min. The minimal surface tension, γ min (mN/m), achieved at the minimal monolayer surface area was registered.
Foam Films
Microscopic foam films were formed in the measuring cell of Scheludko and Exerowa as previously described (3). They were observed by inverted light microscope and film thickness, h (nm), was measured by the interferometric technique. Pictures of FFs were taken by Olimpus C-7070
Wide Zoom camera.
Results and Discussion
Monolayers When spread at pure air/water interface both ESPs, Curosurf and Survanta, reach and maintain minimal surface tensions lower than 10 mN/m for the ten area compression/decompression cycles (Fig. 1) . Fig. 1 . Dependence of minimal surface tension (γmin) on compression/decompression cycle number for monolayers of Curosurf (upper panel) and Survanta (lower panel). Symbols denote : □-ESPs at pure air/water interface (over subphase of saline solution); x-ESPs over subphase of BSA (2 mg/ml); ■-ESPs over subphase of BSA (2 mg/ml) and 5% dextran; ▲-ESPs over subphase of BSA (2 mg/ml) and 5 % PEG 10 000. ESPs are spread as liposomal suspension to a final concentration of 15 μg Phospholipid/ml. Experiments are performed at 0.15 M NaCl, pH 6.8-7.0, T= 25ºC.
The presence of albumin impairs the surface properties of the preparations and both of them show γ min of approx 30 mN/m. The presence of HPs in the monolayer subphase permits to recover the ability of ESPs to maintain low γ min values. Dextran is more efficient than PEG 10000 in restoring the surface activity of Curosurf ( Fig. 1 upper panel) . It can be seen that in presence of PEG Curosurf reaches minimal surface tension of 20 mN/m during the first compression/decompression cycle which constantly increases with the cycle number until values higher than 30 mN/m are achieved. In contrast when dextran is included in the subphase Curosurf shows behavior identical to the one at pure air/water interface and maintains γ min =9 mN/m during all consecutive cycles. In contrast to the above discussed results PEG 10 000 is more efficient than dextran in case of Survanta (Fig. 1 lower  panel) increase the bulk concentration of Survanta to 200 μg PL/ml in order γ min of approx. 10 mN/m to be maintained during all compression/decompression cycles (data not shown).
Foam Films
At pure air/water interface Curosurf forms stable Common Black Films with thickness 15 nm, while Survanta formed heterogeneous FFs composed of thin black areas (h=17 nm) with thicker regions trapped inside the film (Fig.2) . The addition of HPs to ESPs does not change the type and the thickness of the black films formed at pure air/water interface. When albumin is present in the film core the capability of ESPs to form black films is inhibited and thick (h>100 nm) heterogeneous films are formed (Fig. 3A and 4 A) analogous to FFs formed by pure albumin solutions. The inclusion of PEG 10 000 to mixed FFs by Curosurf and albumin does not change the film type and FFs remained thick and heterogeneous. In contrast the addition of dextran resulted in dramatic change: films thinned and stable Black Films (h=15 nm) analogous to the ones obtained by Curosurf in absence of albumin are observed (Fig.3) .
When added to mixed FFs by Survanta and albumin, dextran does not change the film properties. However when PEG 10 000 is included in FFs the thick albumin-enriched film disintegrated to smaller thick "islands" with thin (h=17 nm) black regions between them (Fig. 4)   Fig. 3 . Mixed FFs by Curosurf and BSA and effect of dextran addition on film morphology Experiments are performed at 250 μg Phospholipid/ml, 0.15 M NaCl, pH 6.8-7.0, T= 25ºC. Notable result is that the two hydrophilic polymers, dextran and PEG 10000, showed different efficiency in restoring ESPs surface properties in presence of BSA: dextran is more efficient for Curosurf, and PEG 10 000 -for Survanta. That indicates that HP's influence could not be explained only in terms of positive depletion attractive osmotic pressure but also might be related with the diverse effects of the polymers on the structure of bulk surfactant aggregates (4) .
Important impact of the current work is that FFs are implemented for the first time for studying the effect of albumin and hydrophilic polymers on the surface behavior of ESPs.
